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lRRADIATION SYSTEM FOR CRYOGENIC MPER7MENTS I N  THE PLUM BROOK REACTOR 

by F. A. Haley and R. R. Wyer 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio 

INTRODUCTION 
I w 

Nuclear rockets w i l l  require many components t o  function while ex- 
posed t o  an environment of high-intensity nuclear radiat ion,  cryogenic 
temperature, and hard vacuum. 
t i o n  problem, but sh ie ld  weight m u s t  be optimized with payload and vehicle 
th rus t .  This optimization requires tha t  shielding be minimized and com- 
ponents be qual i f ied or developed for  m a x i m u m  tolerance t o  radiat ion.  

Shielding may be used t o  reduce the radia-  

Much work has been done on the effects  of rad ia t ion  on materials and 
components and a considerable amount is i n  progress dealing w i t h  embined 
environments. The Radiation Effects Information Center of Bat te l le  Memo- 
riai I n s t i t u t e  r z p ~ z t s  aTv%2h?ile resfits of radiat ion e f f ec t s  work. R e f -  
erence 1 lists the  l a t e s t  compilation of Bat te l le  reports .  
ever, a continuing need f o r  research wherein materials and components a re  
functionally t e s t ed  i n  a combined environment of nuclear radiation, cryo- 
genic temperature, and vacuum. 
type of e f for t ,  three cryogenic systems e x i s t  a t  the NASA Plum Brook Re- 
actor  Fac i l i t y  [PmFj i n  Sandusky, GLu. h e  z l ~ c e d - l n s p  c-f.Pm; - u -  - which 
has been i n  use fo r  several  years, has a 1.1-kW capabi l i ty  and can de- 
l i v e r  helium gas a t  30' R and 50 psig t o  an experiment (ref. 2 ) .  
second system is a 20-kW closed-loop system capable of delivering helium 
gas a t  50' R and 100 psig ( re f .  3). 
paper, is  being in s t a l l ed  i n  support of the Lewis Research Center's radi-  
a t ion  e f fec ts  program. 
unique i n  that helium can be supplied t o  la rge  experiments i n  the 11-inch- 
i .d .  HT-2 t e s t  hole a t  100' R and 1000 psig a s  compared with small experi- 
ments and low pressures fo r  the  other two systems. 

There is, how- 

To provide a tes t  environment fo r  this  

The 

The t h i r d  system, the  subject of t h i s  

Po This system is a once-through system and is 

4 

The i r r ad ia t ion  system discussed i n  this paper consis ts  of an experi- 
ment capsule assembly for  holding experiment packages, an inser t ion  system 
f o r  placing of the experiment capsule i n  the  PBR, a data acquis i t ion system 
fo r  recording experiment data and controlling the  experiment, and a cryo- 
genic helium system for  cooling and actuating experiments. In addition t o  
the  i r r ad ia t ion  system, a br ie f  description of the  PBR is included. 
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R E " O R  FAC I L  ITY 

The PER is a 60 MW t e s t  reactor with MTR-type fue l  elements. It i s  
light-water cooled and moderated with primary beryllium and secondary 
water ref lectors .  
paper presented a t  the previous conference i n  t h i s  series (ref. 4) and i n  
references 5 and 6. 

The reactor complex has been described b r i e f ly  i n  a 

Figure 1 i s  a cutaway perspective of the PER tank assembly, showing 
the basic configuration and layout of t es t  holes. A number of beam holes 
and rabbit  tubes and two horizontal through holes a re  used for  experiments. 
Figure 2 shows the or ientat ion of beam holes and through holes around the 
PEG?. The tes t  system described i n  t h i s  paper u t i l i z e s  horizontal  through 
hole 2 (HT-Z), which is located adjacent t o  the north s ide of the reactor 
and traverses the reactor tank from quadrant A t o  quadrant C. The equip- 
ment described herein u t i l i z e s  the quadrant C end of HT-2. 

HT-2 is an aluminum cylinder of 112-inch inside diameter by about 
1 4  f e e t  long. Small guide rods (1/4-inch aluminum) a re  ins ta l led  along 
the  inner surface t o  a id  capsule alinement and t o  protect the tube from 
abrasize wear. The tube is  cooled inside and outside by circulat ing r e -  
actor primary water. 

The f a s t  neutron f l u  and gamma heating r a t e  along the ax ia l  center- 
l i n e  of HT-2 are shown i n  f igure 3. The sketch on t h i s  f igure indicates 
the tube's proximity t o  the fueled region. The curves are  calculated for  
the tube i n  a voided condition. Fast  neutrons of the order of 
5X1Ol2 n/(cm2)(sec) ( E  > 1 MeV) and a gamma heating r a t e  of approximately 
1.4 W/g are available, based on f u l l  reactor power. 
corresponds t o  approximately 4..6X108 rads/hr. 
periment are variable by adjustment of the inser t ion  depth in to  the  tube. 

This gamma rate 
Exposure r a t e s  on an ex- 

IRRADUTION TESTING SYSTEM 

The system being in s t a l l ed  w i l l  provide for  the i r rad ia t ion  of ex- 
periments functioning i n  a cryogenic-vacuum environment and for  the pre- 
and post-irradiation handling of the experiments. 
of the arrangement of equipment i n  the quadrant C area. 
cludes the experiment capsule and the inser t ion  and handling system. 
for  the hot cave and par ts  of the service frame, the  equipment is located 
and operated under 20 t o  25 fee t  of water. 

Figure 4 is  a plan sketch 
Equipment shown in-  

Except 

Ekperiment Capsule 

The experiment capsule posit ions the  experiment i n  the  HT-2 t es t  hole 
and provides the following additional capabi l i t i es :  

(1) Control of the  cryogenic coolant and actuat ion gas flow t o  the  
experiment 
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(2) Connection of t he  experimelzt t o  the  data system 

(3) A vacuum environment of approximately 2 microns for  the experiment 

(4) Indexing of the experiment i n  60’ increments around the axial 
center l ine of HT-2; B e  indexing is  performed remotely i n  a spec ia l  
hot cave. 

Description. - Figure 5 is a cutaway sketch of the experiment capsule. 
The capsule is constructed from four  basic subassemblies, which are the  
equipment box, the capsule snout, t he  experiment cap, and the porting p l a t e  
bulkhead. The equipment box has outside dimensions of approximately 5 by 
2 by 4 f e e t  (lwh) and is coostructed with two compartmezlts. The f ront  com- 
partment (1) contains the surge chambers and the piping that d i rec ts  gas t o  
and from the porting p l a t e  bulkhead. A vacuum of approximately 130 microns 
i s  held i n  t h i s  eompartment t o  reduce heat t ransfer  from the capsule sur- 
roundings t o  the gas piping. 
e q U i p a t  for t h e  experiment such as control valves, vacuum pumps, pressure 
transducers, thermocouple reference junctions, and power supplies. This 
compartment is  purged with clean dry a i r  t o  remove heat generated by the 
vacuum pumps and other e l e c t r i c a l  coqoneats.  

The rear  compartment (2)  contains service 

The capsule snout is  constructed *om a tube with an 11.25-inch outside 
diameter, a 10.25-inch inside diameter, and 9 f e e t  6 inches long. The 9-foot 
length of the  snout allows the experiinent package t o  be positioned close t o  
+.he fueled region - of the reactor .  The 11.25-inch outside diameter is a basic  
l imi t a t ion  for  HT-2 experiments. Eighteen vacuu-jackst?d gze f l e w  l i n e s  
t raverse  the  snout f’rom compartment 1 of the equipment box and terminate a t  
a bulkhead located a t  the f ront  end o f  t he  snout. Six of the l i n e s  a re  
1.0-inch outside diameter and contain the e l e c t r i c a l  wiring f o r  experiment 
command s ignals  and data. Of the  remaining twelve gas flow l ines ,  s ix  a re  
1/2-inch outside diameter and s i x  are 1/4-inch outside diameter. In  addi- 
t ion ,  one 3-inch vacuum l ine ,  two l/4-inch s e a l  vacuum l ines ,  and one 
5/8-inch water supply l i n e  are  located i n  the snout. 
i n  t he  snout t o  reduce rad ia t ion  streaming. 

The l i n e s  a re  woven 

The experiment cap is  l l . 25  inches i n  outside diameter, 10.6 inches 
in ins ide  diameter, and 40.0 inches long. This cap is constructed of 
Ti-6Al-4V a l loy  and weighs 69.5 pounds. 
ment between the HT-2 coolant water and the vacuum surrounding the experi- 
ment. 
t he  necessazy support tubing, and a special  flange that mates with the snout 
bulkhead. 
e t e r  and a mass of about 220 pounds. The experiment cap is  screwed onto the 
snout after connection of the experiment t o  the snout bulkhead. 
radiatioll ,  water must be circulated through HT-2 around the cap a t  a flow 
rate of a t  l e a s t  24.8 gpm t o  prevent nucleate boiling. 
ava i lab le  with the  present capsule geometry. 

It provides the primary contain- 

The experiment package contained i n  the  cap includes the  experiment, 

The experiment package is  l imited t o  10 inches i n  outside diam- 

During ir- 

Over 100 gpm is  
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The porting p la te  bulkhead, while not a major subassembly, i s  de- 
scribed because of i ts  unique use. The bulkhead i s  located on top of 
the equipment box and, when used with a porting plate ,  d i rec ts  gas t o  
the proper l i n e s  i n  the snout. When an experiment is  indexed, the ro- 
t a t i o n  of t h i s  porting p la te  red i rec ts  the  gas flow as  desired. 
t ion,  the bulkhead provides a convenient area for  mounting experiment 
pressure transducers t h a t  are not radiat ion tolerant .  

In addi- 

Figure 6 is  a photograph of the completed experiment capsule assembly. 
The overall  assembly is  18 f e e t  long and weighs approximately 4000 pounds. 

Capsule flow. - Figure 7 indicates the flow path within the experiment 
capsule. Two warm and two cold gas streams penetrate the purged region of 
the equipment box and merge t o  form two indepeqdent pressure, temperature, 
and flow streams. The two flow streams are passed through f i n a l  pressure- 
control valves and then penetrate the w a l l  separating the purged compartment 
from the vacuum compartment. 
bers,where the pressure and temperature feedback s ignals  a re  obtained, and 
enter the porting p la te  bulkhead. 
streams are routed through the porting plate ,  back down through the vacuum 
compartment, and through the gas l i nes  i n  the capsule snout t o  the experi- 
ment. Gas exhaust follows a reverse flow path through separate tubes and 
is  exhausted outside of the reactor building. Lines are a l so  included i n  
the  capsule for  snout coolant water (supply and exhaust), for  purge air 
supply and exhaust f o r  t he  equipment i n  the  box, and fo r  vacuum exhaust. 

The tko streams then pass through surge cham- 

From the  porting p la te  bulkhead, the  gas 

Insertion and Handling System 

Reference i s  made t o  figure 4 for the  locat ion of the  inser t ion  han- 
dling system. The c r i t e r i a  for  the design of t h i s  system were as follows: 

(1) Insertion of the  experiment capsule snout i n t o  the HT-2 t e s t  hole, 
during reactor operation, against  hydraulic forces and f r i c t i o n  i n  
excess of 15,000 pounds 

( 2 )  Rate of reac t iv i ty  change less than 0.02 AK/(K) (see) because of 
experiment inser t ion 

(3) Separation of the coolant water i n  the  HT-2 t e s t  hole from the  
water i n  the quadrant 

(4)  Redundant interlocks and thrust- l imit ing devices t o  prevent damage 
t o  the HT-2 t es t  hole or  t he  experiment capsule 

(5) Operation and handling of the experiment capsule during reactor  
operation 

(6) Removal and replacement of t h e  experiment without removing the  
experiment capsule from the quadrant. 



Inser t ion table.  - The inser t ion  tab le  ( f ig .  4) is  approximately 
1 7  feet long and is  constructed of schedule-40 304 stainless s t e e l  pipe. 
A b a l l  screw, center mounted and end fixed, drives a carriage along r a i l s  
located on the top  surface at? the  table. The experiment capsule is  held 
t o  the tab le  carriage by means of a rotat ing C clamp, which engages with 
a concentric r ing  on the  capsule snout. 
were t e s t ed  against  th rus t  loads i n  excess of 20,000 pounds a f t e r  f ab r i -  
cation. Limi t  switches su i tab le  f o r  operation under water for  periods i n  
excess of l y e =  are mounted i n  pairs  along the s ide  of the tab le  i n  four 
places. Additional l i m i t  switches, which indicate  four approximate cap- 
sule inser t ion  depths i n  HT-2, a re  located on one s ide  of the table .  All 
l i m i t  switches me actuated by a cam arrangement attached t o  the underside 
of the  tab le  carriage. 
motor which, through a gear reducer and chain arrangement, ro t a t e s  the  bal l  
screw t o  provide capsule movement. 
2 0  in./min. This rate may be changed t o  30 in./min by changing the sprockets 
on the output of the drive uni t .  

The tab le  frame and ba l l  screw 

Located beside the  inser t ion  t ab le  is  the drive 

The tab le  in se r t s  the capsule a t  

Gate valve and seai assemblx. - The gate valt.e asd seal assembly a re  
attached t o  the HT-2 t e s t  hole nozzle and provide a means of i so la t ing  the 

assembly performs the i so la t ion  function during experiment inser t ion,  a d  
the  gate valve is  used when the capsule snout is not i n  HT-2. 

. ,-ter m i n  ET-2, vhich i s  a t  150 psig, from the  quadrant water. The s e a l  

The s e a l  assembly consis ts  of two independent seal ing uni ts .  Triple 
chevron sea ls  made of natural  rubber provide a primazy seal &ring capsule 
movement. Gppxe&, ~ a + z z l .  x 5 h e r  U-w? seals, held i n  place by a spacer 
r ing  and water pressurized, provide a s t a t i c  or secondary s e a l  when the 
capsule is  not i n  motion. The s e a l  assembly is separated from the gate 
valve by a bellows uni t  that provides f o r  i~0.5~ of misalinement and allows 
t he  s e a l  assembly t o  f l o a t  on the outside diameter of the capsule snout. 
Because of radiat ion damage, the  seals  used i n  th i s  equipment require re -  
placement, a t  9-month in te rva ls  based on a 7@ operating t i m e  for  the r e -  
actor.  

Capsule service frame. - The service frame is  located d i r ec t ly  behind 
and above the inser t ion  tab le  and is  used when indexing of the porting 
p l a t e  or routine maintenance of the  equipment i n  the experiment-capsule is 
required. 
a t  angles of Oo t o  40' from horizontal and; for  use of the reactor  building 
crane t o  r a i s e  the equipment box portion of the capsule above water level .  
When the capsule equipment box is  above water, the experiment is  shielded 
with 6 f ee t  of water. 

The frame provides a means fo r  t i l t i n g  the  capsule snout down 

Hot cave subsystem. - The hot cave subsystem consis ts  of an inser t ion  
t a b l e  located i n  quadrant C and a hot cave located outside the quadrant. 
The hot cave contains two 12-inch penetrations for  capsule snout inser t ion  
and experiment t ransfer ,  a disassembly tab le  and r e l a t ed  tools ,  two master- 
s lave manipulators, a viewing window, and an access door for  maintenance 
of disassembly equipment. The cave is su i tab le  t o  hold an experiment 
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equivalent t o  a point source of the order of 2 0  Kilocuries located i n  the 
center of the cave. This source w i l l  r e s u l t  i n  a radiat ion l eve l  of about 
2.5 m r / h r  a t  the outside surface of the cave w a l l .  

Reactivity 

The r eac t iv i ty  worth of a typ ica l  experiment w a s  measured i n  the PER 
mockup reactor.  The r e su l t s  of t h i s  t e s t ing  and the corresponding PBR 
l i m i t s  are l i s t e d  i n  tab le  I. 

Reactor r eac t iv i ty  
e f f ec t  

TABLE I. - REACTIVITY EFFECTS 

Maximum decrease 

Maximum s t ep  increase 
by experiment f a i lu re  

M a x i m u m  planned change 
r a t e  

Maximum planned change 
w i t h  reactor  a t  power 

PBR l i m i t  f o r  Typical HT-2 
one experiment experiment 

0.75% LX/K 0.13% AK/K 

.15% AK/K .&I% AK/K 

.OZ% AK/(K) (see)  .0015$ AK/(K) (sec)  

.25% AK/K .l3% AK/K 

Instrumentation 

The instrumentation complex is  located outside the containment 
vessel, i n  the experiment control room, approximately 100 f e e t  from the  
experiment package. 
dynamic tes t ing  of control components. Equipment is available,  however, 
for  recording thermocouple or other r e l a t ed  s ignals  such as flow or pres- 
sure. 

The complex w a s  designed primarily for  support of 

For dynamic data acquisit ion,  the console contains 44 channels. The 
44 channels consis t  of an 8-channel d i r ec t  writ ing oscillograph, a 1 2 -  
channel recording oscillograph, a 14-channel FM tape recorder, and a 10- 
channel s t r i p  chart  recorder. 

For data conditioning, the console includes a 15-amplifier analog 
computer, a t ransfer  function analyzer, a low-frequency osc i l l a to r ,  a fre- 
quency changer, and other equipment such as amplifiers,  power supplies, 
e tc .  

The experiment safety equipment consis ts  of 48 channels fo r  monitor- 
ing c r i t i c a l  parameters. A t o t a l  of 24 channels are reserved fo r  experi- 
ment support equipment and 24 channels for  thermocouples. Each channel 
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of the system provides both visual  and audible alarms and can a l so  be 
used t o  i n i t i a t e  an automatic withdrawal of the experiment i f  the par- 
t i c u l a r  parameter approaches an unsafe condition. 

A control panel t o  operate devices i n  the experiment capsule and a 
control console, which w i l l  contain operating equipment required for  an 
individual experiment, a re  included i n  the complex. 

The e n t i r e  complex is  t i e d  together through a master plugboard. 
Transit ion *om one experiment t o  another requires programing the master 
plugboard, connecting the appropriate sa fe ty  channels, and placing i n  the 
control console the operating equipment required for  the par t icu lar  ex- 
periment. 

CRYOGENIC €JEGxTM SYSTEM 

Some experirnents planned fo r  this i r r ad ia t ion  system require helium 
gas i n  two separate fiok- stream cdlec l  coolant gas and drive gas. 
t i ona l  design c r i t e r i a  for  th i s  system include the  following: 

loOo t o  600' R. 

Addi- 

(1) Each of the two gas streams is variable In  t ~ ~ , + ~ - -  n--a+lxe from about 

(2)  The coolant gas stream is variable i n  pressure from 600 t o  1,000 psig 
and is capable of delivering 0.5 pound of helium gas per second. 

(3) The drive gas stream i s  variable i n  pressure from i 5 C  t a  252 y 5 g  
and is capable of delivering 0.04 pound of helium gas per second. 

(4) The experiment exhaust back pressure i s  controllable t o  about 
35 psig.  

Flow and Control 

Figure 9 is a simplified flow-diagram of the  cryogenic helium system. 
H e l i u m  gas flows from a high pressure storage bank through a main pressure 
control  valve (PCV). The flow is s p l i t  i n t o  two streams, which are cal led 
hot and cold. 
t u r e  is  controllable.  The cold l i n e  is  routed through a liquid-nitrogen 
bath-type heat exchanger and through a s i m i l a r  liquid-hydrogen heat exchanger. 

The,hot l i n e  is  routed through a heater where the  tempera- 

The hot and cold l i n e s  a re  each s p l i t  i n t o  two flow l ines  and routed 
through flow control valves ca l led  temperature control valves (TCV). One 
cold and one hot stream are  blended and routed through a f i n a l  pressure 
control  valve t o  from the coolant supply fo r  the experiment. The tempera- 
ture of t h i s  coolant gas is  sensed near the  experiment and controlled by 
cycling the  two appropriate temperature control valves. The other hot and 
cold l i n e s  a re  likewise blended and controlled t o  form a second gas supply 
f o r  driving the  experiment equipment. 
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A s  the coolant and drive gas ex i t  from the experiment, they combine 
Exhaust gas is  routed through a f i n a l  pressure t o  form a common exhaust. 

control valve t o  maintain the desired back pressure on the  experiment. 

The helium exhaust gas may be t rea ted  i n  several  ways. Clean gas may 
be routed d i r ec t ly  t o  a vent s tack or reheated and s tored i n  a low-pressure 
bag. 
monitor and then e i ther  vented or stored.  Stored helium w i l l  l a t e r  be re -  
compressed, purified,  and returned t o  the  high-pressure storage bank. 

Gas of unknown ac t iv i ty  may be reheated, passed through a rad ia t ion  

Helium flow duration through t h i s  system i s  r e l a t ed  t o  t o t a l  flow 
r a t e  and the f i n a l  source pressure head available from the helium supply. 
A s  indicated i n  f igure 10, an experiment t h a t  requires 0.1 pound of helium 
per second and a source pressure of 1000 p s i  can be operated continuously 
for  3 hours. Likewise, i f  a high flow r a t e  such as 0.5 pound per second 
and a 1250 p s i  head are required, the experiment can be operated fo r  about 
1 / 2  hour. 
w i l l  experience a pressure drop between the  gas storage area and the  reactor 
building of about 240 ps i . )  

( A t  a flow r a t e  of 0.5 pound per second, the  cold helium gas 

Description 

The physical layout of the cryogenic helium system is shown i n  f ig -  
ure 11. Major pieces of equipment a re  grouped i n  the functional areas t h a t  
w i l l  now be discussed. 

Gas and cryogen storage. - This area i s  about 500 f e e t  north of the  
reactor  and includes the following equipment: 

(1) The high-pressure helium storage bank has a capacity of 200,000 SCF 
of gas a t  2200 psi ;  t h i s  i s  equivalent t o  about 2100 pounds of helium gas a t  
60' F. 

( 2 )  A nitrogen gas cylinder bank s to re s  purge gas and gas for  valve 
operators; t h i s  bank s tores  about 39,000 SCF of nitrogen a t  2200 ps i .  

(3) A liquid-nitrogen bath-type heat exchanger consis ts  of a 4000-gallon 
Dewar containing 3/4-inch s t a in l e s s  s t e e l  cooling co i l s  equivalent t o  about 
2000 l i n e a l  f ee t .  This heat exchanger is  capable of cooling helium gas a t  
0.5 pound per second from 520° R down t o  about 150° R .  

(4) A 4000-gallon liquid-hydrogen heat exchanger is  s i m i l a r  t o  the  
nitrogen Dewar, with 3/4-inch s t a in l e s s  s t e e l  cooling co i l s  equivalent t o  
1500 l i n e a l  f ee t .  A 25-foot vent s tack i s  provided t o  d iss ipa te  hydrogen 
boi loff  gas above ground leve l .  Under f u l l  flow conditions, hydrogen bo i l -  
off  r a t e  w i l l  be about 0.5 pound per second. This heat exchanger w i l l  be 
capable of cooling the 150' R gas fur ther  t o  below 100' R .  Hazards asso- 
c ia ted with the storage and use of t h i s  l i q u i d  hydrogen are primarily re- 
sponsible for  the remote locat ion of t h i s  area.  
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. 

(5) A sand-f i l led b l a s t  ba r r i e r  protects the reactor  complex from 
line-of-sight b l a s t  damage i n  the  event of a hydrogen explosion or defla- 
gration. 

(6) Control and miscellaneous valving, piping, transducers, and other 
equipment provide fo r  the  safe ty  and functional control of t h i s  area. 

(7) A 4-inch stainless steel  helium vent stack, 61 f e e t  high, dis- 
charges used or purge gas. The radioact ivi ty  of the  e f f luent  from t h i s  
s tack is  l imited t o  a continuous gaseous re lease  of 4.6 microcuries per 
minute. Higher short-time release ra tes  are permissible. 

Piping trench. - A concrete walled trench extends from the gas storage 
area t o  the north basement wall of the reactor  building. The necessary 
piping and conduit connecting the main functional areas a re  located i n  t h i s  
trench. 

Reactor building basement. - The helium gas l i n e s  run from the piping 
trench across the  reactor ’Dui1d.i~ basement t o  an equipment area ju s t  out- 
s ide  the  containment vessel .  The heater f o r  the hot gas stream i s  located 
here. Jus t  p r io r  t o  penetrating the  containment vessel ,  each gas l i n e  
passes through an emergency shutoff valve. 
able from the helium system control console and the  reactor  operation con- 
so le  and serve t o  preserve containment vessel  i n t eg r i ty  when necessary. 

Tnese v a h e s  me remotely oper- 

Containment vessel .  - Located on the inside contaiment vessel  w a l l  is 
aii aasei~>f-; c? -.rE?1x.res, surge chambers, and associated equipment cal led the  
valve package. Principal components of t h i s  package a re  the Lt.uipEi-a*&-c: 
and back pressure control valves, a purge vacuum pump, and an air  compressor 
t h a t  supplies operator a i r  t o  a l l  valves inside the containment vessel .  

From the  valve package, the helium l ines  are  routed through the quad- 
r an t  C wall and v i a  f l ex  l i n e s  t o  the experiment capsule. 
pressure control valves and pressure and temperature transducers are located 
ins ide  the  capsule. Ekhaust gas from the capsule i s  routed back along the  
same route as the supply gas. 

Final supply- 

Low-pressure storage and recompressiqn area. - Helium exhaust gas is 
routed f i r s t  t o  the  low-pressure storage area. From here, it may be routed 
d i r e c t l y  t o  the vent s tack or  stored and l a t e r  recompressed and returned t o  
the  helium storage bank. 
processing is  located about 200 f ee t  from the  reactor  building adjacent t o  
the  piping trench. Major items of equipment a re  described as  follows: 

The equipment for  low-pressure storage and re- 

(1) The pebble bed heater consists of a s t e e l  cylinder, 6 f e e t  i n  
diameter and 14 f e e t  high, which contains 2 0  tons of quartz pebbles. This 
heater  is  designed t o  Warm helium gas from 150° t o  about 510° R ( su i tab le  
fo r  storage i n  the low-pressure bag) a t  a maximum flow r a t e  of 0.5 pound 
per second. 



10 

( 2 )  The hemispherical helium storage bag i s  92 f e e t  i n  diameter and 
46 f e e t  high and i s  capable of s tor ing 200,000 SCF of helium a t  a gage 
pressure of about 2 inches of water. The bag is  a double envelope type 
with the  inner bag containing the helium and the outer bag pressurized by 
a i r  blowers t o  maintain i ts  shape and r ig id i ty .  
the  inner envelope is  a laminate of hypalon-coated nylon bonded t o  a Mylar 
and aluminum f o i l  laminate. The outer bag is  a vinyl-coated nylon fabric .  
The ground cloth is  of a material similar .to the inner bag. 

The fabr ic  material  fo r  

(3) A compressor and pur i f ica t ion  system are located i n  the compressor 

The pur i f ica t ion  system con- 

This system 

building adjacent t o  the storage bag. 
with a ra ted delivery of 7 1  SCFM a t  2400 ps i .  
s ists  of an o i l  and moisture adsorber bank and a liquid-nitrogen-cooled 
charcoal adsorber box for the  removal of gaseous contaminants. 
is  designed t o  recompress and purify helium gas a t  a r a t e  greater  than 
100,000 SCF per day. 

The compressor is  a four-stage un i t  

Control room. - All remotely operable equipment i n  the helium supply 
portion of t he  system is controlled from a cent ra l  console located i n  the  
experiment control room. This console i s  separate from the experiment 
control console described previously and pomprises three standard racks of 
equipment. The temperature and pressure of the coolant and drive gas 
streams, the exhaust pressure, the hot heat exchanger temperature, and asso- 
c ia ted normal flow valves and equipment a re  a l l  controlled from t h i s  console. 

All  operations dealing with the low-pressure storage and recompression 
of the  used gas a re  controlled from separate equipment located i n  the Com- 
pressor Building. 

CONCLUDING RENARKS 

An i r rad ia t ion  system has been described t h a t  i s  su i tab le  fo r  cer ta in  
experiments planned f o r  the Plum Brook Reactor i n  support of the nuclear 
rocket e f for t .  
assembly for horizontal  through hole 2 i n  the  NASA Plum Brook Reactor, and 
a cryogenic helium system t o  service the tes t  items. 
was designed primarily for the  dynamic t e s t i n g  of components i n  a combined 
environment. This t e s t ing  is  a determination of how w e l l  a component f o l -  
lows a given command under various environmental conditions. The command 
s igna l  may be e i ther  e l e c t r i c  or pneumatic. 
include frequency response, threshold response, l i n e a r i t y ,  s t ep  response, 
and dynamic resolution. Both command and feedback s ignals  a re  measured and 
recorded for evaluation of the component performance. 
capabi l i t i es  of t h i s  system are res ta ted  as follows: 

This system consists of an experiment capsule, an inser t ion  

The t e s t ing  system 

Standard dynamic tests w i l l  . 
Some of the  basic  

(1) A f a s t  neutron f lux  of the order of 5 . 6 ~ 1 0 ~ ~  n/( em2> (see)  
( E  > 1 MeV) and a gamma heating r a t e  of t h e  order of 1 .4  W/g may be ob- 
tained. 
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(2)  Helium gas floi t 
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an experime t is  controllable t o  about 
0.5 pound per second, up t o  l,OOO-psi, and a t  temperatures from 100 t o  
600’ R. R u n  time i s  dependent on helium flow r a t e  and the pressure re- 
quired fo r  the par t icular  experiment. 

(3) A vacuum environment may be provided for  the experiment. 

(4) Experiments up t o  10 inches i n  diameter and 31 inches long with 

The 
vacuum is estimated a t  approximately 2 microns without cryopumping. 

a mass of approximately 220 pounds may be irradiated.  
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Figure 1. - Cutaway perspectivedrawing of reactor tank assembly. 
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Figure 2. - Plum Brook Reactor. 
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Quadrant B 

Figure 4. - Capsule insertion and handling system. 

. 





. 

i. 

I 
1 I FEqu ipmen t  box 

/ 

,-Support snout 

C-66-993 . - - - - - - _--- 

Figure 6. - Experiment capsule. 

M 
w 
IP 
0-l 
0 

I 

. 



m 

-- Helium -f, drive S U ~ D I ~  

I w 

=a 

6 Helium- 1 ~ (sc) 
,Cold I 

Water supply - - 
, WE!?' nyhaiid 

- Experiment vacuum 

Vacuum - for 
compartment 1 

- 

- 1 
. - 

/Air supply 
I 

, 
I 
I 

Capsule 
Equipment box compartment 2 Equipment box compartment 1 snout - - - -_ 

L 

-Experiment 

t + 

Figure 7. - Capsule flw schematic. 



. 

, 

t 0 
c m 
.- - c z 
2 
c VI 
c - 
m 
0) 
L 

=I m 
Y 
.- 



= Helium supply 

Helium vent 

9 / V V 

f Heater d 
Drive -,J 1, /-Coolant I 

7 I Radiation monitor/ 

PCV 

I 

Figure 9. - Simplified flow schematic of c q q e n i c  helium system. 
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Figure 11. - Cryogenic helium system. 
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